1. Let Z n = {1,2, , n} and let (a u α 2 , , a n ) be an arbitrary [4, pp. 105-112] is a down-up permutation and vice versa. Thus, for n > 1, there is a one-to-one correspondence between up-down and down-up permutations so that it suffices to consider the former.
In the present paper we are concerned with up-down (and down-up) permutations of Z n in which it is required that the peaks themselves satisfy the up-down or down-up conditions. Thus let (αi, α 2 , •• ,α n ) denote an up-down permutation of Z n so that (1.1) α 2f c-i<α 2k , a 2k >a 2k+ι (k = 1,2, , [n/2]).
Then the additional requirement is either ( For example the permutation (1, 3, 2, 8, 4, 7, 6, 13, 9, 10, 5, 12, 11) 3 8 7 13 10 12 1 satisfies both (1.1) and (1.2).
Next let (a u α 2 , * , a n ) be a down-up permutation of Z n so that
Then the additional requirement is either There are various relations between these varieties of permutations; however they depend upon the residue of n (mod 4).
In order to derive generating functions it will be convenient to define the following enumerants. Let A RF (n) denote the number of up-down permutations of Z n such that the peaks
begin with a rise, α 2 < α 4 , and end with a fall. Thus for this case it is necessary that n = 2 or 3 (mod 4). We define A RR (n), A FR (n), A FF (n) in a similar way. Note that for RR, n = 0 or 1 (mod 4); for FR, n = 2 or 3 (mod 4); for FF, n = 0 or 1 (mod 4).
We also define C RF (n), C RR (n), C FR (n), C FF (n) in an analogous manner for down-up permutations. Then for JRF, n = 1 or 2 (mod 4), for RR, n = 0 or 3 (mod 4), for FR, n = 1 or 2 (mod 4), for FF, n = 0 or 3 (mod 4).
We shall accordingly consider the following enumerants:
Reading a permutation both from left to right and from right to left, we get the following relations connecting the enumerants. 
In view of (1.7), we get Note that, for example, in taking
we are listing the up-down permutation (1, 3, 2) and (2,3,1) both under jRF and FR. This is done so that the recurrences given below will be satisfied. A like remark applies in a number of other instances, as is evident from an examination of (1.8),.. ., (1.11 ).
In the remainder of the paper we evaluate the sixteen enumerants defined in (1.8),..., (1.11) . For a summary of results see §6 below.
Evaluation of y RF (x), y RR (x), yFp(x), yF R (x) We consider first y RF (x).
The method employed is to take a typical permutation of Z n and consider the effect of removing the largest element. This is indeed the method used in [1] . Clearly the element removed must be a peak. The given permutation breaks into two pieces one of which may be vacuous. Thus for A RF (4n+3) we get the recurrence 
This implies the recurrence a n+ι 4-(4n + l)(4n + 2)a n -0 (n = 0,1,2, ) and therefore (2.6) a n = (-l) n 1.5 . 
U(x)y' RR (x)+ U'(x)y RR (x)= U(x)
and therefore Hence, by (2.3),
Note that Therefore, by (2.13) and (3.3), (3.9)
As for A FR (4n + 2), we have A ra (4n +2)= Σ (JjJ ^ })A FF (4ίc + l)A RR (4n -2k) (3) (4) (5) (6) (7) (8) (9) (10) (n^O, A ra (2)=l).
Then, by (2.13) and (3.6), 
This gives
By (1.12), z RF (x) = z RF (x) y so that (4.2) reduces to
This formula together with (3.3) determines y RF (x) Next 4) (ni=0, C RR (3)=1), so that 
7.
Generalizations. We may define doubly up-down permutations as permutations {a u a 2 , ,α n ) of Z n such that Similarly we may define ίrip/y up-down as permutations that satisfy (7.1) and (7.2) and in addition This suggests the consideration of permutations that satisfy (7.4) and in addition (7.6) α 9k _ 6 < α 9k -3 < α 9k , a 9k > α 9k+3 (fc = 1,2, , [n/9]).
Moreover further restrictions analogous to (7.3) can also be introduced. f However we shall not treat these extensions in the present paper.
